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Introduction
Functional appliance therapy has been an accepted 
method of treating discrepancies of sagittal jaw 
relations in children, especially in Europe. The ap-
pliances selected for treatment can be adapted, 
depending on the type of anomalies and growth pat-
terns. The growth direction, the amount of growth, 
and the timing are relevant to the ultimate success 
of this treatment, thus further emphasizing the 
importance of case selection with this method.1
The development of the bionator, a functional 
appliance, is credited to Wihelm Balters.2 The bio-
nator is an acrylic structure with palatal wires and 
acrylic resin that rests on the gum behind the lower 
anterior teeth. It produces a forward and downward 
positioning of the lower jaw, promoting a new pos-
tural position of the jaw to correct a retrognathic 
mandible. An Angle Class II malocclusion can also be 
corrected by causing mesial migration of the lower 
dentition. The conventional type of bionator used 
for correcting Angle Class II malocclusions has long 
been popular in Europe. However, it still has some 
limitations. It has been pointed out that the con-
ventional bionator is contraindicated in the following 
conditions: (1) Angle Class II malocclusions caused 
by maxillary prognathism, (2) a vertical growth 
pattern, and (3) labial tipping of the lower incisors. 
The bionator is one of the most commonly used functional appliances in treating 
Angle Class II division 1 malocclusions. However, the original type of bionator often 
causes lower incisor flaring and is limited in cases with mild crowding. There is 
little published literature on treating Angle Class II division 2 malocclusions using 
bionators. Our group suggested some modifications to the original-type bionator, 
including addition of an anterior resin cap, upper and lower labial bows, an expan-
sion screw and a posterior resin wedge, to attempt to overcome limitations of the 
original design. This article shows our results on two male patients, one with an Angle 
Class II division 1 malocclusion with a large overjet and the other with an Angle Class 
II division 2 malocclusion. The treatment was completed using a newly modified 
bionator with no other fixed appliance and resulted in a decrease in facial convexity, 
a reduced overjet and overbite, ideal interincisal relationships, and a harmonious 
profile.
Received: Feb 5, 2009





Treatment of Angle Class II malocclusions with a 
newly modified bionator combined with headgear
Yen-Chun Lin, Hsiang-Chien Lin, Wei-Nan Wang, Sheng-Yang Lee, 
Hung-Huey Tsai*
College of Oral Medicine, Taipei Medical University, Taipei, Taiwan
88 Y.C. Lin et al
Furthermore, Tulloch et al.3 reported that after 
conventional bionator treatment, the highest ex-
traction rate was reported by functional appliance 
patients.
The objectives of this case report were to describe 
the modifications we have made to the bionator and 
to show the treatment effects of this newly modi-
fied bionator appliance on skeletal, dental and soft 
tissues without second-phase or extraction treat-
ment. A newly modified bionator was designed by 
our group to correct Angle Class II division 1 maloc-
clusions with mild crowding, and Angle Class II divi-
sion 2 malocclusions. It can overcome many of the 
shortcomings of the conventional bionator.
The components of this newly modified bionator 
are shown in Figs. 1 and 2. The anterior upper and 
lower labial bows with loops can be used to adjust 
the distance between the anterior teeth and move 
the crown tips in either the lingual or distal direc-
tion. With the addition of a lower lingual expansion 
screw, the dental arch can be expanded and the 
anterior crowding can be relieved. In the buccal 
segment, the occlusal resin wedges can force the 
lower molars to tip distally. For Angle Class II divi-
sion 2 cases in the upper anterior portion, the resin 
caps and special torquing spring can respectively 




The patient was an 11-year 6-month-old boy. He 
had a Class II division 1 type malocclusion with a 
hypodivergent facial type, a half cusp distoclusion 
of the posterior segments, and an overjet of 10 mm 
(Fig. 3A). There was no crowding in the lower arch, 
but mild crowding of the upper anterior teeth was 
noted. The upper deciduous second molars were 
retained, and the upper and lower permanent sec-
ond molars had not yet erupted. An initial lateral 
cephalometric evaluation showed a Class II skeletal 
relationship characterized by a A point−nasion−B 
point (ANB) angle of 7.3º, due to maxillary progna-
thism and mandibular retrognathism. His maxillary 
incisors were flared, and his lips protruded greatly. 
His soft tissue mandible did not reach the vertical 
reference line, and a diagnosis of mandibular defi-
ciency was made based on Bass’ analysis.4
His treatment plan involved both upper and lower 
molar distalization and forward advancement of the 
mandible using the newly modified bionator com-
bined with high-pull headgear, with approximately 
450 g of force adapted to the tubes in the appliance. 
During the active phase of treatment, the patient 
was instructed to wear the headgear 10 hours a 
day at night and the bionator appliance 24 hours a 
day, except during meals, toothbrushing, language 
lessons, playing contact sports, and playing certain 
musical instruments. The patient was advised to 
keep his lips together to form a lip seal when the 
appliance was being worn. At each monthly visit, 
the occlusion was checked for correction of the 
arch relationships.
Fig. 3B shows photos of the non-extraction treat-
ment with this appliance after 19 months, while 
the final photograph (Fig. 3C) shows a pleasing 
facial result and a satisfactory dental occlusion. The 
ANB angle had changed from 7.3º to 4.5º, and the 
upper central incisor axis (U1) to sella−nasion plane 
(NS) angle had changed from 125.5º to 98.8º (Fig. 4, 
Table 1). Both canines and molars exhibited Class I 
relationships after treatment.
During the retention phase, the patient was in-





Fig. 2 Design of the newly modified bionator (lateral view). 
A = posterior resin wedge; B = upper labial bow with loop; 




Fig. 1 Design of the newly modified bionator (occlusal 
view). A = torquing spring (added if upper incisor need 
labial crown torque); B = expansion screws; C = coffin 
spring.
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Fig. 3 Case 1. (A) Before treatment. (B) After finishing bionator therapy.
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bed, approximately 10 hours each day, for 2 years. 
The tracings of the initial and final headfilms showed 
that the upper incisors had intruded and retracted. 
The lower molars were extruded.
Case 2
The patient was an 8-year 8-month-old boy. He had 
a Class II division 2 type of malocclusion and an 
C
Fig. 3 Case 1. (C) After retention.
Fig. 4 Superimposition of images in Case 1.
11 yr 6 mo
13 yr 3 mo
15 yr
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Fig. 5 Case 2. (A) Before treatment. (B) After finishing bionator therapy.
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anterior overbite of 10 mm with an overjet of 5 mm 
(Fig. 5A). There was no crowding in the lower arch, 
but mild crowding in the upper anterior teeth. His 
dentition was in a mixed dentition stage, present-
ing with permanent incisors and first molars in all 
four quadrants. An initial lateral cephalometric 
evaluation showed a Class II skeletal relationship 
characterized by an ANB angle of 5.2º, due to max-
illary prognathism and mandibular retro gnathism. 
The maxillary incisors were retrusive and uprighted.
Treatment involved both upper and lower molar 
distalization, forward advancement of the mandi-
ble, and lingual torque of the roots of the upper 
incisors using the newly modified bionator com-
bined with high-pull headgear. He was instructed to 
wear the bionator full-time throughout the active 
phase of bionator therapy.
After 3 years and 3 months of treatment, the 
dentition was nearly ideal, and the profile had im-
proved (Fig. 5B). The final outcome (Fig. 5C) showed 
a stable result, particularly in regard to the overbite. 
Cephalometric records (Fig. 6, Table 2) revealed 
an excellent skeletal pattern and marked improve-
ment in the facial profile. The ANB angle was re-
duced from 5.2º to 3.3º, and the U1–SN angle was 
corrected to 101.5º. Both canines and molars ex-
hibited Class I relationships after treatment. From 
superimposition of the cephalometric tracings, it 
was shown that the roots of the upper incisors had 
been torqued lingually, the overjet was reduced from 
5 mm to 2 mm, and the molars were tipped back by 
about 1 mm.
During the retention phase, the patient was in-
structed to wear the tooth positioner every night, 
approximately 10 hours each day, for 2.5 years. 
While the overbite remained stable, the Frankfort−
mandibular plane angle and sella−nasion to man-
dibular plane angle showed a slight decrease in the 
retention stage.
Discussion
The decision to use our newly modified bionator 
appliance was based on a cephalometric analysis and 
a lateral profile analysis of Bass’ esthetic analysis.4 
Bass’ analysis accurately predicts the correct posi-
tion of the mandible so that the extent of orthopedic 
correction required can be evaluated. We made a 
diagnosis of mandibular deficiency, as the soft tissue 
of the chin was posterior to Bass’ analysis vertical 
reference line (Fig. 7).
In patients with an Angle Class II division 1 maloc-
clusion, the lower lip is often distorted either behind 
C
Fig. 5 Case 2. (C) After retention.
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Table 1. Changes in cephalometric measurements of 
Case 1
Angular and linear T1  T2 T3 
measurements (11 yr 6 mo) (13 yr 1 mo) (15 yr)
Skeletal
SNA (º) 84.7 83.2 83.2
SNB (º) 77.4 78.7 77.9
ANB (º) 7.3 4.5 5.3
NA-Pog (º) 13.6 7.5 8.8
FH-NPog (º) 84.8 85.3 85.9
Y axis-FH (º) 59.6 62.0 61.6
GoGn-SN (º) 24.8 28.3 28.2
FMA (º) 16.6 21.5 19.1
SN-FH (º) 6.0 6.0 6.0
ANS-Me (mm) 69.8 76.0 78.2
Cd-Gn (mm) 113.2 122.7 126.6
Dental (º)
U1-SN 125.5 98.8 106.0
U1-NA 40.8 15.6 22.9
IMPA 118.8 96.3 112.4
L1-APog 33.2 19.5 33.2
L1-NB 39.4 22.5 36.7
U1-L1 92.4 137.4 115.0
Soft tissue (mm)
Ls to E-line 6.5  3.1  0.4 
Li to E-line 6.0  4.3  3.5
T1 = before treatment; T2 = after bionator treatment; T3 = 
retention phase follow-up; S = sella; N = nasion; A = A point; 
B = B point; Pog = pogonion; FH = Frankfort horizontal; 
Y axis = sella−gnathion line; Go = gonion; Gn = gnathion; FMA = 
Frankfort−mandibular plane; ANS = anterior nasal spine; Me = 
menton; Cd = condyle; U1 = upper incisor; IMPA = incisor−
mandibular plane angle; L1 = lower incisor; Ls = labrale supe-
rior; E-line = esthetic line of Ricketts; Li = labrale inferior.
Table 2. Changes in cephalometric measurements of 
Case 2
Angular and linear T1 (8 yr T2 (11 yr T3 (14 yr
measurements 8 mo) 11 mo) 4 mo)
Skeletal
SNA (º) 84.4 84.6 85.1
SNB (º) 79.2 81.3 83.6
ANB (º) 5.2 3.3 1.5
NA-Pog (º) 8.3 4.9 0
FH-NPog (º) 86.6 88.4 91.3
Y axis-FH (º) 60.3 60.0 59.1
GoGn-SN (º) 26.9 28.2 25.6
FMA (º) 20.8 22.6 20.5
SN-FH (º) 6.0 6.0 6.0
ANS-Me (mm) 63.2 70.6 74.8
Cd-Gn (mm) 111.7 125.7 136.1
Dental (º)
U1-SN 92.9 101.5 108.9
U1-NA 8.5 16.7 23.7
IMPA 89.6 92.9 93.6
L1-APog 12.5 21.3 25.5
L1-NB 15.6 22.8 23.9
U1-L1 150.7 137.3 130.8
Soft tissue (mm)
Ls to E-line 2.5  −6.0  −7.2 
Li to E-line 1.1  −2.3  −2.1
T1 = before treatment; T2 = after bionator treatment; T3 = 
retention phase follow-up; S = sella; N = nasion; A = A point; 
B = B point; Pog = pogonion; FH = Frankfort horizontal; 
Y axis = sella−gnathion line; Go = gonion; Gn = gnathion; FMA = 
Frankfort−mandibular plane; ANS = anterior nasal spine; Me = 
menton; Cd = condyle ; U1 = upper incisor; IMPA = incisor−
mandibular plane angle; L1 = lower incisor; Ls = labrale supe-
rior; E-line = esthetic line of Ricketts; Li = labrale inferior.
8 yr 8 mo
11 yr 11 mo
14 yr 4 mo
Fig. 6 Superimposition of images in Case 2.
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or under the upper incisors. This results in a deep 
labiomental sulcus and a decreased labiomental 
angle. One of the major effects of treatment with 
the appliance was an uncurling of the lower lip, 
resulting in an increase in the labiomental angle. 
The effect of the newly modified bionator may be 
dependent on the amount of propulsion and the 
intermolar and/or interincisal height built into the 
appliance. It is desirable to position the mandible 
beyond a normal resting position so as to elicit a 
muscular response. The appliance positions the 
mandible forward to an ideal relationship, which 
enables patients to seal their lips. The lip seal is 
maintained throughout treatment, and an improved 
facial balance is achieved. The dentoskeletal struc-
tures adapt to a functional equilibrium which sup-
ports an altered position of muscle balance.5
Our newly modified bionator was designed not 
only to place the mandible into a more forward 
position but also to facilitate eruption of the pos-
terior teeth. One of the mechanisms postulated for 
correcting Angle Class II malocclusions is to guide 
the eruption of the posterior teeth. This particular 
mechanism can be used by fabricating an occlusal 
table from the interocclusal acrylic. Control of the 
path of eruption is also used to open deep anterior 
overbites, in addition to flattening Spee’s curve. In 
addition, the upper and lower anterior teeth can be 
intruded using the anterior resin cap. In the buccal 
segment, using guidance from the occlusal resin 
wedges that we have designed, the upper and lower 
posterior teeth can be pushed distally. This increases 
the arch length and generates spaces to relieve 
crowding in the buccal segments.
Extraoral traction can be used in association with 
bionator therapy either to distalize the maxillary 
complex or to stabilize the appliance in the mouth. 
The headgear restricts maxillary anterior growth, 
whereas the bionator promotes increased anterior 
mandibular growth. The increase in the SNB angle 
was supported by results of Mamandras et al.,6 and 
the increase in mandibular length is consistent with 
other studies.7−12
Labial tipping of the lower incisors can be ob-
served in most functional appliance therapies,13,14 
although the newly modified bionator, with a labial 
bow, resin cap and expansion screw, can upright 
the lower incisor. In Case 1, flaring lower incisors 
were retracted. The newly modified bionator with a 
torquing spring corrected the lingually tipped upper 
incisors in Case 2. Skillful adjustments of the torqu-
ing springs, labial bow, resin cap, and resin wedges 
allow the teeth to undergo three-dimensional move-
ments as an edgewise technique.
Patient cooperation is also a key factor in the 
success of this newly modified bionator appliance 
treatment. Owing to the limited amount of acrylic 
used in its construction in comparison with other 
functional appliances, patients may feel more com-
fortable than when using other bulkier activator 
appliances.
Although these cases were treated by removable 
appliances, the torque on upper and lower incisors 
could be well controlled at the same level as a fixed 
appliance. Combined with headgear, the modified 
bionator can retract and intrude upper anterior teeth 
as well as control the maxillary arch. The resin cap 
component on the lower anterior part prevents the 
lower incisors from labial tipping and extrusion. 
Tipping back and guided eruption of the lower mo-
lars can be done by the resin wedge at the lower 
posterior part. We believe that a combination of 
good patient compliance and growth modification 
of the maxilla and mandible will produce satisfac-
tory results creating a pleasing facial esthetic.
References
1. Ahn SJ, Kim JT, Nahm DS. Cephalometric markers to con-
sider in the treatment of Class II Division 1 malocclusion 
with the bionator. Am J Orthod Dentofacial Orthop 2001;
119:578−86.
2. Balters W. Die Technik und Übung der allgemeinen und 
speziellen Bionator-Therapie. Quintessenz 1964;15:77−85.
3. Tulloch JF, Phillips C, Proffit WR. Benefit of early Class II 







Fig. 7 Bass’ esthetic analysis. Bass’ vertical reference line 
is perpendicular to the Frankfort horizontal (FH) plane, 
through the midpoint between the subnasale (Sn) and 
A point. When soft tissue pogonion is retrusive to the 
vertical reference line, mandibular deficiency on horizon-
tal direction can be identified. Or = orbitale; Po = porion.
Bionator combined with headgear 95
 trial. Am J Orthod Dentofacial Orthop 1998;113:62−72, quiz 
73−64.
4. Bass NM. The aesthetic analysis of the face. Eur J Orthod 
1991;13:343−50.
5. McNamara JA Jr. Functional determinants of craniofacial 
size and shape. Eur J Orthod 1980;2:131−59.
6. Mamandras AH, Allen LP. Mandibular response to orthodon-
tic treatment with the Bionator appliance. Am J Orthod 
Dentofacial Orthop 1990;97:113−20.
7. Marschner JF, Harris JE. Mandibular growth and class II 
treatment. Angle Orthod 1966;36:89−93.
8. Forsberg CM, Odenrick L. Skeletal and soft tissue response 
to activator treatment. Eur J Orthod 1981;3:247−53.
9. De Almeida MR, Henriques JF, Ursi W. Comparative study of 
the Frankel (FR-2) and bionator appliances in the treatment 
of Class II malocclusion. Am J Orthod Dentofacial Orthop 
2002;121:458−66.
10. Keeling SD, Wheeler TT, King GJ, et al. Anteroposterior 
skeletal and dental changes after early Class II treatment 
with bionators and headgear. Am J Orthod Dentofacial 
Orthop 1998;113:40−50.
11. Mills JR. The effect of functional appliances on the skeletal 
pattern. Br J Orthod 1991;18:267−75.
12. Toth LR, McNamara JA Jr. Treatment effects produced by 
the twin-block appliance and the FR-2 appliance of Frankel 
compared with an untreated Class II sample. Am J Orthod 
Dentofacial Orthop 1999;116:597−609.
13. Vargervik K, Harvold EP. Response to activator treat-
ment in Class II malocclusions. Am J Orthod 1985;88:
242−51.
14. Almeida MR, Henriques JF, Almeida RR, Almeida-Pedrin RR, 
Ursi W. Treatment effects produced by the Bionator appli-
ance. Comparison with an untreated Class II sample. Eur J 
Orthod 2004;26:65−72.
